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ABSTRACT 

Critical masses have been measured for 5-l/4 in. diam- 

eter Oy cylinders in l/2 and 1 in. thick reflectors of Be, 

graphite, Mg, Al, Ti, mild steel, Cu, W alloy, Tu, Ni, Co, 

MO, A12Q Mo2C, and polythene. These results have been 

converted to the equivalent spherical critical masses of Oy 

and compared to yield consistent transport cross sections 

for the reflector materials. 

In addition, critical masses of Oy spheres in -2 and 

4 in. thick spherical reflectors of W alloy, Fe, Ni, Ni- 

silver, Cu, Zn, Th, Be, BeO, C, and Tu have been determined. 
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1 0 CRITICAL MASSES OF Oy CYLINDERS IN THIN REFLECTORS 

A.method of determining transport cross sections for 

thin reflectors at the Pajarito remote-control laboratory at 

Los Alamos is described in this report. First, the critical 

masses were determined for 5-l/4 in. diameter Oy(-93.5)* cyl- 

inders in l/2 and 1 in. thick reflectors of Be, graphite, Mg, 

Al, Ti, mild steel, Cu, W alloy, Tu, Ni, CO, MO, Al2039 Mo2C, 

and polythene. From these data, corresponding spherical crit- 

ical masses reflector savings were calculated. Finally from 

these reflector savings, the relative transport cross sections 

of the reflector materials were estimated and compared with 

those obtained from danger coefficient measurements with the 

Topsy Oy-tuballoy (Tu) reflected and Godiva Oy unreflected 

critical assemblies. 

1.1 Facilities 

1.1.1 Assembly Machine 

The Comet universal machine was utilized. This machine 

consists of a hydraulic, lift (ram) with a stationary plat- 

form directly above it. In this experiment, the platform was 

*Oralloy (symbol TIOyTt) designates uranium enriched in U 235 . 
Oy(93.5) indicates uranium that is 93.5 w/o U235. 
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a 15 mil stainless steel diaphragm. Figure 1 is a photograph 

of the test setup on the Comet machine. 

1.1.2 Fissile Material 

A typical assembly is illustrated in Fig. 2. The diam- 

eter of the Oy was chosen to give a regular cylinder for -35 

kg of OY, so that shape-factor corrections would be small 

over the estimated 30 to 40 kg range of Oy for the various 

final configurations. The 40 kg of Oy available for this 

series of measurements was in the form of 5-l/4 in. diameter 

cylinders as listed in Table I. These pieces were duplicated 

in Tu. 

TABLE I 

ORALLOY CYLINDERS USED IN MEASUREMENTS 

Thickness, Number 
in. Required 

Approximate 
Weight, 

kg 

1.200 f 0.002 3 8 (each) 
0.600 f 0.002 1 4 
0.300 f 0.002 1 2 
0.150 k 0.002 1 1 
0.075 +, 0.002 1 0.5 
1.200 f 0.002a 1 7.96 
0.075 +, 0.002 2 0.25 (each) 

a. Equipped with central cavity for neutron source. 
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Fig. 1 Photograph of the Oy cylinder-reflector test setup 
on Comet. 
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Fig. 2 Schematic of the Oy cylinder-reflector test setup 
on Comet. 
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1.1.3 Reflector Material 

Concentric l/2 in. thick cylindrical reflectors of the 

interesting materials, supplemented by plates, permitted as- 

semblies of l/2 and 1 in. thick reflectors. Figure 3 is an 

exploded view of a typical 1 in. thick reflector geometry. 

In addition, blocks of Be, Fe, and Tu were used for thick- 

ened (i.e., >l in.) reflector bases. 

1.1.4 Neutron Source and Counters 

A mock-fission (MF'-20) neutron source was centered in 

the Oy assembly for all tests. The source was located in 

a cavity in the top Oy plate on the ram. Four boron-lined 

neutron counters, in long-counter geometries, were located 

on lifts and placed close to the assembly for monitoring the 

neutron leakage. 

1.2 Neutron Multiplication 

Neutron multiplication data were obtained by first 

taking unmultiplied counting rates and then multiplied 

counting rates for each given geometry. The unmultiplied 

count was obtained by recording the counting rates of the 

four counters with source MF'-20 positioned in the assembly 

loaded with Tu mockups of the Oy components. Next, the Oy 

components replaced the Tu and again the counting rates were 

recorded. The ratio of multiplied counting rate to 
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Fig. 3 Photograph of a typical 1 in. thick reflector 
etry . 
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unmultiplied counting rate determined the multiplication. 

1.3 Safety 

Throughout the tests on the Comet, three safety moni- 

tors placed at varying distances from the assembly were used. 

Any one of these monitors would separate the active material 

by dropping the ram if the neutron leakage exceeded a prede- 

termined level. Only one scram (i.e., gravity) was avail- 

able. Safety rules require that planned multiplications do 

not exceed 100 under this type of operating condition. 

1.4 Procedure 

The experimental setup is shown in Fig. 2. Approxi- 

mately half of the Oy cylinder and reflector was stacked on 

a light platform on the hydraulic lift. The neutron source 

was placed in the cavity of the top Oy plate. Part of the 

top Oy cylinder and reflector was stacked on the diaphragm. 

Oralloy discs were added to the top Oy cylinder to increase 

the reactivity in safe steps. A progressive plot of l/M vs. 

Oy mass permitted extrapolation to a critical mass for the 

assembly under investigation. 

Correction for the presence of the stainless steel dia- 

phragm which supported the upper portion of the assembly was 

based on multiplication changes when the stainless steel 

thickness was doubled. Also, correction for incidental 
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reflection was determined through variation of platen 

thickness. 

1.5 Critical Mass Data and Analysis 

1.5.1 Cylinder-to-Sphere Conversions 

The cylinder critical mass data are listed in Table II, 

together with estimated equivalent spherical critical masses 

and corresponding reflector savings for the different re- 

flector materials. The shape conversion is based on criti- 

cal mass data for Oy cylinders and spheres given in LA-1958* 

and reproduced here in Figs. 4 and 5 in terms of effective 

extrapolation lengths A . (These figures give alternative 

presentations of the same data.) In these figures, the ef- 

fective extrapolation length for any critical cylinder of 

core height h and core diameter d is defined by 

whereas for a critical sphere of core radius r,hs is de- 

fined by 

* H. C. Paxton, Critical Masses of Fissionable Metals as 
Basic Nuclear Safety Data, Los Alamos Scientific Laboratory 
Report LA-1958, January 1955. 
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TABLE II 
CRITICAL MASSES OF Oy IN l/2 AND 1 INCH 

THICK REFLECTORS OF VARIOUS MATERIALS 

Reflector 
Material Thickness, 

and Density in. 

Mg (F&l) 1 
1.77 gm/cm 3 l/2 

Ti (96.5 w/o) 1 
4.50 gm/cm3 l/2 . 

Al (2s) 1 
2.70 gm/cm3 l/2 

Graphite (CS-312) 1 
1.67 gm/cm3 l/2 

Fe (SAE 1020) 1 
7.78 gm/cm3 l/2 

Ni (electrolytic) 1 
8.79 gm/cm3 1/2 

cu (99-99.5 w/o) 1 
8.87 gm/cm 3 l/2 

Co (reagent) 1 
8.72 gm/cm 3 

l/2 

Ratio of 
Cylinder Reflector 
Height to mc(cyl.),a mc(sphere),a Savings, 
Diameter kg kg cm Oy(93.5) 

l.484 50.7 42.7 o.554 
l.6g1 57.6 45.5 0.378 
1.401 47.8 41.3 o.646 
l.633 55.7 44.8 0.420 
1.376 46.9 40.8 o.676 
1.619 55.2 44.6 0.433 
1.1T2 40.10 36.75 o.952 
1.441. 49.28 M.03 o.5g7 
1.1g3 4U1 37.z3 0.918 
1.440 49.23 42.06 o.5g4 
1.053 36.08 33Ag 1.15g 
1.308 44.77 39.64 o.754 
1.037 35.56 33.50 1.188 
1.310 44.83 39.67 o.7s2 

1.033 35.41 33.3g 1.196 
l.28g 44.13 39.28 0.778 



Reflector ~~-- ~~ 
Material Thickness, 

and Density in. 

MO (99.8 w/o) 
10.53 gm/cm3 

U (normal) 
18.8 gm/cm 3 

w (-91.3 w/o) 
17.3 gm/cm 3 

P a Be (QMV) 
1.84 gm/cm3 

A1203 099 W/O) 
2.76 gm/cm 3 

Mo2C (95-96 w/o) 
9.57 gm/cm 3 

Polythene 
0.921 gm/cm 3 

l/2 in. thick Be in 
l/2 in. thick Fe 

l/2 in. thick Be in 
l/2 in. thick Fe 
but 1 in. Be in 
l/2 in. Fe on one end 

aDelayed critical masses, mc, 
(93.5 w/o) and density (18.8 gm/cm3). 

1 
10 

1 
l/2 

1 
1/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

TABLE II (Continued) 

Ratio of 
Cylinder Reflector 
Height to mc(cyl.),a mc(sphere),a Savings, 
Diameter kg kg cm Oy(93.5) 

1.022 s&o2 33.0g l.21g 
1.300 44.50 39.4g 0.764 
o.975 33.43 31.87 1.312 

XX3 43.26 38.75 0.814 
O.985 33.77 32.10 1.2g4 
ldX2 43A. 38.72 0.816 

0.907 31.15 30.01 1.45g 
i.206 41.35 37.55 o.8g6 
1.157 39.60 36.44 o.974 
1.418 48.5 41.6 0.622 
0.958 32.88 31.43 1.346 
1.23g 42.46 38.25 o.848 
1.014 34.78 32.g2 1.2s2 

1.357 46.42 40.56 0.6g3 
1.004 34.43 32.64 l.253 

O.96g 33.26 31.71 l.XZ4 

are normalized to standard Oy concentration - 
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where r. = 8.71 cm is the critical radius of the unreflected 

Oy sphere and x os the corresponding bare sphere extrapola- 

tion length (2 2.15 cm from theory). The present cylinder 

critical mass data, together with Eq. 1, yield effective ex- 

trapolation lengths x which with Fig. 4 or 5 give corre- 

sponding extrapolation lengths As for the critical spheres 

with the same reflector thicknesses. The equivalent criti- 

cal sphere radii (and masses) are then obtained from 

r r+X = x 
0 os- s' the reflector saving being r. - r.* 

1.5.2 Interpretation of Reflector Savings in Terms of 
Scattering Cross Sections 

The addition of a very thin reflector of material x 

around a fissionable core produces a reactivity gain propor- 

tional to [Nt a(1 + f)lx, where N is the nuclear density, t 

is the thickness, CT is a collision cross section here as- 

sumed to be the transport average, and f is the excess neu- 

trons emitted per collision. The reflector saving [4T], 

balancing this reactivity gain is then given by 

[N o(1 + f)] oy [&lx = [Nt cr(l + f)lx (2) 

* The cylinder-to-sphere conversions of these thin reflector 
systems were first computed (Los Alamos internal report by 
Group N-2, February 1955) on the assumption of shape-inde- 
pendent extrapolation lengths (A ; As for cylinders and 
spheres reflected by same thicknesses of same material). 
That this assumption is inaccurate is clearly demonstrated 
by the critical mass data given in Fig. 4 or 5. 
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Equation 2 gives the cross section [cr(l + f& in terms of 

[a(1 + f>3 Oyf 
the remaining parameters in the equation being 

known. Although the l/2 and 1 in. thick reflectors do not 

satisfy the condition of being **very thin,U the values of 

[a(1 + qx obtained from this equation for the two thick- 

nesses t may be extrapolated to zero thickness. For ex- x 
ample, applied to the Tu-reflected cylinders, the equation 

with [a(1 + f)lOy = 7.0 barns gives 

[dl + f>]Tu = 3.65 barns [for t(Tu) = 1 in.] 

[dl + f,] Tu = 4.53 barns [for t(Tu) = l/2 in.] 

[a<1 + f)] Tu = 5.41 barns [extrapolation to t(Tu) = 0] 

By using Tu rather than Oy as a standard material, Eq, 2 is 

replaced by 

1 a(1 + f)l - 
X- 

Equation 3 with 

data of Table I, 

These values, wh 

[Nt dl + f)]Tu[L\rlx 
[ Ntlx[k]T~ 

(3) 

d1 + f)]Tu = 5.40 barns gives, with the 

the [a(1 + f>] x values listed in Table III. 

ch are not extrapolated to zero thickness, 

are compared with corresponding transport cross sections de- 

duced from reactivity contributions as functions of radius 

in the Topsy Oy-Tu and Godiva critical assemblies. 

The failure of atr (MO) to agree with the value from 

Topsy replacement data (LA-1708) is unexplained. Otherwise, 
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TABLE III. 
CORRESPONDING RELATIVE TRANSPORT CROSS SECTIONS 

OF THE REFLECTOR MATERIALS 

Reflector 

Material 
and Density 

Thick- 
ness, 

Reflector 
Effect,a 

aa + f)wtr, 
barns in. 

Mg (FS-1) 
1.77 gm/cm 3 

Ti (96.5 w/o) 
4.50 gm/cm 3 

Al (2s) 
2.70 gm/cm3 

Graphite (CS-312) 
1.67 gm/cm 3 

Fe (SAE 1020) 
7.78 gm/cm 3 

Ni (electrolytic) 
8.79 gm/cm3 

cu (99-99.5 w/o) 
8.87 gm/cm3 

Co (reagent) 
8.72 gm/cm3 

MO (99.8 w/o) 
10.53 gm/cm3 

U (normal) 
3 18.8 gm/cm 

w (-91.3 w/o) 
17.3 gm/cm3 

Be (Qm) 
1.84 gm/cm3 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

1 
l/2 

2.48 f 0.05 
2.73 k 0.13 
2.23 +, 0.02 2.16 
2.34 k 0.10 
2.19 k 0.02 
2.27 +, 0.09 
2.22 +, 0.02 
2.25 t 0.03 
2.14 +, 0.02 
2.23 2 0.03 
2.52 k 0.02 
2.64 k 0.02 
2.76 +, 0.02 
2.82 k 0.02 
2.63 2 0.02 
2.75 +, 0.02 
3.61 k 0.02 
3.65 f 0,02 

5.40c 
5.40c 

4.47 +, 0.03 
4.54 * 0.03 
2.32 * 0.02d 
2.30 f 0.02d 

0 tr from 
LA-1708,b barns 

Topsy 

2.37 

2.12 

2.13 

2.29 

2.77 

2.68 

2.73 

4.58 

5.20' 

4.40 

1.82 

Godiva 

2.14 

2.17 

2.29 

2.65 

2.73 

2.75 

5.20' 

2.17 
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TABLE III (Continued) 

Reflector 

Material 
and Density 

Al203 (>99. W/O) 

2.76 gm/cm3 
Mo2C (95-96 w/o) 

9.57 gm/cm3 
Polythene 

0.921 gm/cm3 

Thick- 
ness, 

Reflector 
Effect," 

aa + f)wtr 

0 tr from 

LA-1708.b barns 
in. barns Topsy Godiva 

1 11.7 f O.loe 10.84 -- 
l/2 12.0 +, o.loe 

1 9.32 f 0.04f 11.29 -- 
l/2 5.01 & o.04f 

1 6.09 k 0.05 
l/2 5.53 f 0.05 

aImpurities and additives ignored. 

b L. B. Engle, G. E. Hansen, and H. C. Paxton, Material Re- 
placement Measurements in Topsy and Godiva Assemblies, LOS 
Alamos Scientific Laboratory Report LA-1708, July 1954. 

'Cross sections are normalized to these values. 

d Effect of plural scattering is uncertain. 

eApplies to **molecule** Al2O3. 

f Applies to *~molecule** Mo2C. 
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the values obtained from the thin reflector data and the re- 

activity coefficient data agree within 5% except for Be, in 

which case multiple scattering may complicate the interpre- 

tation of reflecting effectiveness. 

2 0 CRITICAL MASS MEASUREMENTS OF Oy SPHERES IN 2 
AND 4 IN. THICK REFLECTORS 

Critical masses of Oy spheres in -2 and -4 in. thick 

spherical reflectors of W alloy, Fe, Ni, Ni-silver, Cu, Zn, 

Th, Be, BeO, C, and Tu were measured at the Pajarito remote- 

control laboratory. These critical masses were converted to 

the standard Oy concentration (93.5%) and density (18.8 
3 gm/cm )) and critical mass vs. reflector thickness curves 

-----. 

were obtained for these reflector materials. 

2.1 Facilities 

2 .l.l Assembly Machine 

The Comet universal machine was utilized. The stain- 

less steel diaphragm described in Section 1.1.1 was removed 

and a steel A-frame with an attached hydraulic cylinder was 

secured to the Comet vertical supports. A hemisphere of the 

reflector material was screwed to the hydraulic piston. The 

other hemisphere containing the sphere of Oy was fixed to 

the platen adapter on top of the hydraulic ram. Figure 6 is 

a schematic of a typical assembly. 
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Fig. 6 Schematic of Oy sphere-reflector test setup on 
Comet. 
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2.1,2 Fissile Material 

The Oy for this series of measurements was in the form 

of solid hemispheres and nesting shells of Oy. The hemi- 

spheres contained a central source cavity large enough to 

accommodate the mock-fission source. 

These pieces were duplicated in Tu. 

2.1.3 Reflector Material 

Spherical shells -2 and 4 in. thick of the reflector 

material to be investigated were fabricated in sizes ex- 

pected to yield high multiplications when encasing varying , 

thicknesses (masses) of the Oy sphere and nesting shells. 

Figure 7 is a photograph of typical 2 and 4 in. thick re- 

flectors. 

2.1.4 Neutron Source and Counters 

A mock-fission neutron source was centered in the Oy 

sphere for all tests. Four boron-lined neutron counters, in 

long-counter geometries, monitored the neutron leakage. 

2.2 Neutron Multiplication 

The neutron multiplication procedure was the same as 

described in Section 1.2. 

2.3 Safety 

Throughout the tests on the Comet, three safety moni- 

tors placed at varying distances from the assembly were used. 
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Any one of these monitors would separate the active material 

by dropping the ram and raising the hydraulic piston if the 

neutron leakage exceeded a predetermined level. 

2.4 Procedure 

The experimental setup is shown in Fig. 6. The top re- 

flector on the hydraulic piston was lowered before the ram 

could be raised. The mating lower hemispherical reflector 

containing the Oy sphere located on the hydraulic ram was 

raised in preset steps toward the top reflector. A progres- 

sive plot of l/M vs. gap (distance between parting surfaces 

of top and bottom reflectors) permitted one to close the as- 

sembly safely or to leave a sufficient gap in cases of higher 

multiplications. With the Oy-reflector assembly closed, a 

multiplication value was determined. Different values were 

determined by varying the mass of the Oy sphere. These val- 

ues were plotted on a l/M vs. Oy mass curve and permitted an 

extrapolation to delayed critical for the Oy-reflector con- 

figuration under investigation. 

2.5 Results 

Results of these experimental measurements* are recorded 

in Table IV after having been corrected to the standard Oy 

concentration and density. 

*H. C. Paxton, Los Alamos internal report, March 8, 1952. 
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TABLE IV 
CRITICAL MASSES OF SPHERICAL Oya IN '~2 AND 4 IN. THICK SPHERICAL REFLECTORS 

Core 
Shape 

SphereC 

Material 

SphereC 

W alloy 
90% W, 7% Ni, 

3% cu 
W alloy 

(against Oy) 

Density, 
gmhm 3 

17.39 

17.39 

Cast iron 
(outside 
W alloy) 

W alloy 
90% W, 7% Ni, 

3% cu 

7.16 

Sphere 

Sphere Cast iron 

17.39 . 

7.16 

Sphere Cast iron 7.16 

Sphere . Nl 8.35 

Reflector 

Shape 

Sphere, 
2.00 in. 

thick 
Sphere, 
2.00 in. 

thick 
Sphere, 
2.00 in. 

thick 
Sphere, 
4.00 in. 

thick 
Sphere, 
4.00 in. 

thick 
Sphere, 
2.00 in. 

thick 
Sphere, 
2.00 in. 

thick 

Approximate Values b of 
m 

C’ kg m max' kg M max 

25.820.2 159 

22.5kO.5 19.5 20 

20.8d 19.5 44 

27.lkO.2 143 

31.3kO.3 30.3 59 

28.7d 27.6 41.8 



TABLE IV (Continued) 

Core 
Shape 

Sphere 

Sphere 

Sphere 

2s 
Sphere 

Sphere Zn 7.04 

Sphere Zn 7.04 

Sphere Th 11.48 

Sphere Be 1.84 

Reflector 

Material 

Ni-silver 
40% Cu, 32% Ni, 
28% Zn by wt. 
Ni-silver 
40% Cu, 32% Ni, 
28% Zn by wt. 
cu 

CU 

Density, 
t&cm 3 Shape 

8.55 

8.55 

8.88 

8.88 

Sphere, 
2.02 in. 

thick 
Sphere, 
1.88 in. 

thick 
Sphere, 
4.175 in. 

thick 
Sphere, 
2.00 in. 

thick 
Sphere, 
4.075 in. 

thick 
Sphere, 
2.00 in. 

thick 
Sphere, 
1.81 in. 

thick 
Sphere, 
4.64 in. 

thick 

Approximate Values b of 
m 

C’ kg m max' kg M max 

27.5+0.3d 25.9 46.0 

27.7d 27.6 89 

22.1*o.2e 

26.6+0.3d 

31.gd 

36.7k0.2d 

13.8kO.2 

141 

118 

25.5 46 

30.3 52 

36.4 162 

143 



TABLE IV (Continued) 

Core 
Shape 

Sphere 

Sphere 

Pseudo- 
spheregmi 

W 
0 

Pseudo- 
spheregmi 

Sphere 

Sphere 

Sphere,i 
solid 

Sphere,. 
solid 3 

Reflector 

Material 
Density, 

gm/cm 3 Shape 

Be 1.84 Sphere, 
1.85 in. 

thick 
Be 1.84 Sphere, 

1.89 in. 
thick 

Be0 2.69 Pseudosphere: 
3.5 in. 

thick 
Be0 2.69 Pseudosphere? 

2.35 in. 
thick 

Graphite 
(CS-312) 

1.69 Sphere, 
2 in. 

thick 
Graphite 
(CS-312) 

1.69 Sphere, 
4 in. 

thick 
Tu 49.0 Sphere, 

30925 in. 
thick 

Tu -19.0 Sphere, 
3.525 in. 

thick 

Approximate Values b of 
m 

C’ kg m max' kg M max 

23.3AO.2 100 

-23.1 

17.6kO.2 

21.0+-0.2 

31.5f0.3 

25.9fO.2 

19.83*0.5% 

20.6Us 

24 

105 

85 

58 

150 

167 

53 



TABLE IV (Continued) 

Core 
Shape 

Reflector 
Approximate Values b of Density, 

Material gm/cm 3 Shape mCJ kg m max' kg M max 

Sphere, Tu 
solid j 

-19.0 Sphere, 26.6+0.5% 141 
1.76 in. 

thick 
Sphere, 

solid3 
Tu -19.0 Sphere, 36.3&0.5% 156 

0.695 in. 
thick 

a. 
W b l 

P 

c. 
d l 

e. 
f 0 
g 0  

h 0 
i 0 

3 0 

Standard Oy concentration (93.5 w/o) and density (18.8 gm/cm3). 
Symbols are: m, mass; mc, delayed critical mass; M, central source multipli- 

cation. 
Central source cavity 0.375 in. diameter x 0.45 in. 
From single point, using A(l/M)/A(r/rc) = 1.15. 
mC increased 0.3 kg with 0.83 in. diameter central cavity (-84 gm Oy). 
mc increased 0.5 kg with 0.83 in. diameter central cavity (-84 gm Oy). 
l/2 in. cubic units. 
Central source cavity 0.4 in. diameter x 0.46 in. 
Measurement not obtained in this series but included for completeness. 
Corrected for effect of central source cavit 

- 6 x 1O-5 for 0.7 in. thick Tu to -7 x lo- i! 
(per gm central Oy, A(l/M) 
for 3.9 in. thick Tu). 



Figures 8, 9, and 10 are curves of mc(Oy) vs. thickness 

of reflectors for those reflectors for which more than two 

thickness points were available. 
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Fig. 8 Plot of mc(Oy) vs. reflector thickness for Fe, Ni, and W alloy, 
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Fig. 9 Plot of mc(Oy) vs. reflector thickness for Cu and graphite. 
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Fig. 10 Plot of mc(Oy) vs. reflector thickness for Be and Tu. 


